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Abstract: We have synthesized new blue electroluminescent polyalkylfluorene-based copolymers [poly(F-
co-Py)xly, where xiy = 991 or 955 mole ratios] containing the hole-injecting pyrazole derivative
[3,3'-(4,6-bis(octyloxy)-1,3-phenylene)bis(1,5-diphenyl-4,5-dihydro-1H-pyrazole] through Ni(0) mediated
polymerization, and their electroluminescent properties were investigated. Electroluminescent (EL) devices
were fabricated with ITO / PEDOT:PSS (110 nm) / copolymers or PF homopolymer (80 nm) / Ca (50
nm) / Al (200 nm) configuration. Each EL device constructed from the copolymer exhibited significantly
enhanced brightness and efficiency compared with a device constructed from the PF homopolymer. The
EL device constructed with poly(F-co-Py)99:1 exhibited the highest luminous efficiency and brightness
(095 cd/A and 2907 cd/m’ respectively). The achieved luminous efficiency was an excellent result,
providing almost a 4-fold improvement on the efficiency obtainable with the a PF homopolymer device.
This enhanced efficiency of the copolymer devices results from their improved hole injection and more
efficient charge carrier balance, which arises from the HOMO level (~5.83 eV) of the poly(F-co-Py)99:1
copolymer, which is higher than that of the PF homopolymer(~5.90 eV).
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Fig. 1. Synthesis of monomer.
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2.1.2 1,1'-(4,6-bis(octyloxy)-1,3-phenylene)diethan-
one (1)8] &4

1,1'-(46-tslo| =& A -1 3-#d d)H] 2o g2 10 g
(515 mmol)& oFAlE 300 mlol] &aA1Z F, KoCOs
17.8 g (1287 mmol)# o}=A (adogen) 2 mlE #H7}
st o]4do BErLe 23 g (1185 mmol)S
HA7bsta mubsld A, 29 B FFAAGD. WH-go
¢gkgg F, E:CHCh=21 &doz FEF3}o 3339
K:COs& AAsGL F58 f71%5E MgSO2 A
ZAZ F FEAHAH, 9ie dAAEdez ALEEHY
287138 ZPFE FHANAT. T8 £€98 #FSY
ZFAA vEks vERogs AAZ}Y 205 g (¢
£ 95%)e] AAES F£53dd. 'H-NMR (300
MHz, CDCl): 6 0.87 (t, 6H), 1.2 (broad, 16H), 1.4
(m, 4H), 19 (m, 4H), 25 (s, 6H), 4.3 (t, 4H), 6.44
(s, 1H), 832 (s, 1H)

2.1.3 (2E,2'E)-1,1'-(4,6-bis(octyloxy)-1,3-phenylene)
bis(3-(4-bromophenyl)prop-2-en-1-one) (2)2] &A

BE (1) 20 g (47.8 mmol)3} 4-H 2R ul =<ty
3= 185 g (100 mmol)& &2 400 milol £3)A]
71 & KOH 268 g (477 mmol)S 5 40 mlel
=Ql fAg HH3 Hrsta F2A 24413 o]
AYkAIZY, wgte] gk E ¥ HCLEE=15 €9 100
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mlE #7138l FAL NG 48 FHEL
THTE 38 AT F JAFTHoE vELZ A
st AZA|A 287 g (80%)9] AAESL F53594.
'H-NMR (300 MHz, CDCL): & 087 (t, 6H), 1.2
(broad, 16H), 1.4 (m, 4H), 1.9 (m, 4H), 4.3 (t, 4H),
6.47 (s, 1H), 7.48-76 (m, 12H), 8.25 (s, 1H)

21.4 3,3'-(4,6-bis(octyloxy)-1,3-phenylene)bis(5-
(4-bromophenyl)-1-phenyl-4,5-dihydro-1H-pyraz
ole) (3)2] &4

313HE (2) 10 g (13.2 mmol)3} #Hddtol=e}A 45 g
(39.8 mmol)S Sl&-2 300 miol &3|A171 F, oA E
A1 mlg A7k 12417 F9F $FA 2 8o
g5d F A7 &9 FTHT 100 miE FH7HsHo
AL PPANAY. A" HAEL FHFE 3
AAE F HFHOE vaLZ AFHsn AxAA
87 g (35%)8 AAES +53 4%t 'H-NMR (300
MHz, CDCl): & 091 (t, 6H), 1.2-1.4 (broad, 20H),
1.8 (m, 4H), 329 (dd, 2H), 399 (m, 6H), 517 (m,
2H), 6.41 (s, 1H), 6.75-7.6 (m, 18H), 8.38 (s, 1H)
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99'-tsd-27-tyHzrwEFod 10 g (1.82 mmol)
< E549 10 mio s HrsH gLe,
718 e EolE EBEHZES EF AFHA EF4
10 mlE #7F3E & 80TeIAM 49 &< wHkAIZ T 4
Y ¥ BERAGEFLENA 1.0 mE A7k 80T
A 35 A= aAPAZC wgle] d8EH F 2%
£ 60CE w5 oL, HCLotAH Eiv gh-&=1:1:2 &0
Fo FAES FAHANZG. A7) AHAES F=RY

541

Ni(COD),

-
Biprydine/COD
Touene/80°C

m:n= 99: 1
m:n= 95:5
m:n=100:0

Poly(F-co-Py) 99:1
Poly(F-co-Py) 95:5
PF Homopolymer

Fig. 2. Syntheses of homo- and copolymers.
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3. #% ¥ D&

BETFHAREA AHEHZ HIHE FEAE
AA 3GA AA LolstA FAAHALH, o] 7]
Fo & <7 99-dioctylfluorene unit®} F5 L
ANAY. 48 nEAELS EAY (Mw)dy Bix
(MWD)E 4z ZE(USEEF W -co-¥E)(955)
o] 7% 480007 1.9, ZE(HSEEF LW -co-He}
£)99:1)9] A% 65000, 21, 283 PF homo-
polymer?] 7% 72,0008 2022 jelyid

A" 1EAEY BEHFH EAHE AR HE
3 a2 AE Z+7} chlorobenzeneol &3jA1A, 1 &
4L MG 7] 9o 271 3Y WYPLE E¥34
wtuks FA F, UV-7H3A F5 249EY (UV-
vis spectrum)® PL (photoluminescence) 2= E# &
ZA39d 2 2948 F 14 A RE 1¥
29 AN EFHES A9 382~384 nm AEE FAF
Al vEbstou, Hojdgago A4 434~460 nm
o] el A AoldtA et

B4 Aol AAFTEY (cyclic voltammetry)
of o3 FAHY nEAEY FTH WER (B9 H
AHFEAuE (HOMO : highest occupied molecular
orbital)¥} HAHHFEALHE (LUMO : lowest
unoccupied molecular orbital) energy level5< A4t
39t 1z} oxidation potential> HOMO energy
level2 ZAA 3t} Ferrocene< potential®] 2 AL 9
Uy BEFEHEA AMEHSISns HOMO level
(4.8 eV)E AEHUT. Egt 8Ae] F547F Al3EH
E A¥E daEd hv O (@R BT gow
7tz ZA =AY (714 ae FFE, he §932%
T v 34). (o} & 1 =) o7]A HOMO9 H A
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¥gE 5 1 FA7} AFYEZeR FEE &
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e ¢ 7 ANY.

AHEE HEE FEAY 3AYHA BATERE &
7198 EAALS E83tT) P4 (semiempirical
method) #AAIAH Q] 2007 MOPAC (AM1)S At
83t 71F A EALHE FEIHAT AN
FHAAAE f5He HeE =AY 2 SEEFAAE
718 7H8 e WEAIFGeR galste A4alst
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Table 1. Optical properties and energy levels of the
synthesized polymer thin films.

Poly(F-co-Py) Poly(F-co-Py) PF
(99:5) (99:1)

- 382 382 334
AT, P .
HOMO (V) 5.72 583 590
LUMO (eV) 2.76 2.88 2.96
M= (Ey) 2.96 295 2.94

Fig. 3. 3D molecular structure of pyrazole derivative
(molecular calculation : 2007 MOPAC, AM1).

a9 3¢ BE B F44 e WAnIdE 7|
Foz JoE gATEEC Bol FEY Ut Ae
gog + YAtk 2NN EA ® AAY HEAQ

dihedral Zte] Ztz} 56, 2652 FAlol &= WAHA
of thal] F9 2719 574 o] HlEA USE & F A
ALt oA L I E FEAZ FHoRE EAFE Ao
olyel 3agH o2 EATE Aoges AE HAHH
ol ExE FEAEE %A dta £ EAEI
#H 7 (packing) o1HA Fo= eximerBAE oHA
& & A dd. 0|2 44L& PLED AES ¥35
A Aek P 2L F 7 U Aot

PLED 42+54& Au1r7] 98 L3322 polymer
58 A8l dubEQ EL AAE AlFsidt. 43
Al AArZEE vhe3t 2ok ITO / PEDOTPSS (110
nm)/ Polymers (80 nm) / Ca (50 nm) / Al (200 nm).
AZE 225 25 AP AF to]LE (rectifying
diode) §4& B3t #FHY (turn-on voltage)
AFHgGor 43 uylolojA A} (forward bias
voltage)-& AF&3&F9 o).
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Fig. 4. Energy diagrmas of the fabricated PLED devices.

Table 2. EL performances of PLED devices.

Poly(F-co-Py) Poly(F-co-Py)
(95:5) (99:1)

PR

donend 49 490 470
ppLs 1,632 2,907 1,619
T 062 095 025

i e 10 57 55

a9 4% AFE PLEDAAE] o U A &
AL BojF}

® 2= AF¥Y PLED £A59 EL S4< 8943 A
oltt, EE Axe Hu H3uFE gFoe] niA
FHel] =4S w L3¢l PF homopolymer
B o 20 nmAE FHPRLE o|FHEE & F 3l
Aok AT AAHA ELEALS FgEe] =Y=HA
< f FEE ¢ F AU

a9 5% AzE AALF AAEE o] 8o FA
¥ Agtol digk Fxa=Ad A7FAGe] F7HE el
me =7t F7tEE AR7E dEE =A% 1%
E=90¥ Poly(F-co-Py)(99:1)E AH&& xzbe] 72 ¢
AY 58 548 1YgS ¢ F A9 (a¥ 5. d
At HAHE FEA7 5% =Y9¥  Poly(F-co-Py)
(955)& AHE-gH &z9 ZAfole T4 IAEE e
W7l 18 FEAggel 2A F7tEHE A4S B
100 cd/m°slA PF homopolymerE o] &8 Za}r}
78 45 V A5HAY. ol A3E nFo] E o
A& Ao Fekol F7hgel wel HOMO oy

o
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Fig. 5. Brightness-voltage characteristics of the fabricated
PLED devices.
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Fig. 6. Current density-luminous efficiency characteristics
of fabricated PLED devices.

Aedoe] F7iste] BT AFFYo] Lol HA T
F% AstEe EYF (trapping)e] 5 @4l s
AFYUE 7ZHas @7 =7 FarsEeE AoR o)
#drh. 28y $9 AFLEdAE PF homopolymer
Bt BFFggo] 28] oA AFde ARE 2.
A 9EE FEAZ 1% =YY Poly(F-co-Py)
(99:1) A5-= 2o goldA As Y L 40 §
o] #FActe] Aeflo]l wPFEo FE PF
homopolymerE ©]-&3F AxtHc} 4u) X A5dn
£33 Hu3Er 28R E FtEe 4% 238
Bt (2% 59 6). ol FYE s HAGY
oA mr} #EHUYA o)A Eo] (charge-balanced)
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dge] 7lddte AAE (exciton)®] A4 THE
Aoz fx3tA Hel AF 2a4 &g 7
t Aoz ogdn. ZF AgdsrFARY EA F
29 Eqdel oA HHsE 2S4S WA
Ae T3 7198 LEAFHAY o9 HAd}FY
EE F54E AHssr] A3 A8HE AT
EE AsteSsAse #Fo] HAsA == Ak
g2 ¢ & .

4.4 E

AFFEAREA 3AYH FZ2E /1R HHgE F
=47 e N2 RxevE ATHoE A
o] o]&&A MEE PF TFFAEE Fx= T4
&le] o]E9] P34y EA3 PLED 4% 54 o3
AAHo2 zAEAY. HAzE FEA 1% =9€
Poly(F-co-Py)(99:1) £#}e] 74 Htd RolaA 4
3 F9 2 FFol Ho FFHYLY 48l L3RR
€o] ¥2 PF homopolymerE o|&3% Axt¥t} 4u)
A A5dtn £33 JuHPxr 2B F7EE §
3 438 2gd. 28u HH3E FEA B
EAHAE wW= k8o charge trappingl 2 <%
AFAE 247 dojde & & U

ZAtel 2
o] &2 20078 AFAL(XSAAHALY =

T2 5G] AUE Lo}
A 75 & (KRF-2007-314-D00114).
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